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vq§tui[T³F´pJr'§u¸~]¥]mvJit¦]\zojpqzxvqi¹vws¸]\¶hj]\s%³O®±pqz}tsijlvqsn4]J³
z]m§¦vw¶Vts'ipq[^]¸pw®bjX']¹ighsnxX'zlpqs't¦²mvwjt¦pqsÀn4pJsikjlzlvqts@jxi~F]4jk´¾]\]ms!jX']¹~vqi]zpJqzxvw[ vwsBjlX']¹vqiF]mn¤jxi>n4pJr'§u ~F]
n4pJsituV]mz]%°
} ¼Êj}´¾pqr'§u~]p@iit¦~'§]jpvq''§¦gvvqzt¦]4jkgpw®{ikjxvwsvwzxjphpq§uivwsj]mnxXs't¦¯@r']i9¨Ùvws't¦[vjt¦pqs-³[^pVV]\§¡½nxX']mnx«ht¦s'°m°\°lª
jp^ /£o`}yÀ[^pVV]\§ui\°
} WYX']b[¥pVV]m§O´pJr'§¦>qt¦q]oJr'tuV]\§¦ts]mi/®±pqz¾~'r't¦§¦Vt¦s'^n4pJsn4r'zlzl]\s@j}¨©vqs't¦ijzlt~rVj]ªt[^'§¦]\[^]\s@jxvjt¦pqsi/pq®QjX']b[^pVV]\§¢°
WYX'tui¥vwF]\z^V]in\zt¦~]i9pJr'z­zlij¥vwjjl]\[^Vj^jpVp.ip°¼Êjn4pJsituV]mzlijX']~vqitun /£o`}y [^ph']\§vqi¥V]miln4zlt¦~]ts~U [Y
vqs¹iX'p´iX'p´¿jlX']~vqi]'zlpqqzxvw[im³VjX]¥vJiF]mn4jlim³FvqsTjX]9[^pqs'tjpJz}nmvws¹~F]9]msn4pVV]¸ts.vit[^'§¦]9'zlpVn4]ii}n\vw§un4r§rim°
WYX'tui7'zlpVn4]ii7nmvw§un4r'§¦rituivTir'~i]\jpw®¾Mehy ¨Ù
ts'tj]e@jlvwj]y{zlpVn4]mili]mixªU¦mY¢³(´X't¦nxX[^]mvqsibjXvj7jX]>vqilipVn4tuvjl]m¹jphpq§¢³
 H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 vw~F]\§¦]mµW(zlvqsitjt¦pqsehgVikjl]\[d£osvw§¦gh²\]mzxª}n\vqs.Vt¦z]n¤jl§g¹~F]^ri]m¸jlp¸vws't¦[vj]jX]¥[^pVV]m§¦im³Q[^pVV]\§¡ÊnxX]mnx«TjX]\[T³
vqsTn4pq[^'r'j]bjX']n\pqzlz]iFpqsVts§uvw~F]\§¦]mjzxvwsitjt¦pqsTigVij]\[im°
WYX']ovwF]\zt¦iikjlzrn4jr'zl]mvJiM®±pJ§§¦p´i\°3eh]mn4jt¦pqs7']miln4zlt~F]mi/pqr'z/ijlvqzjltspJts@j³@v7~vqit¦n_i]¯@r']\s@jtuvw§ua /£o`}yÈ[^pVV]\§¢°
eh]n¤jltpJsºiX'p´iX'p´ ¨©~vqi]ª'zpJqzxvw[ivqs¹vqiF]mn¤jxi]\¶hz]ii]mTrit¦s'jXt¦ib[^pVV]\§3n\vqs¸~]]\sn\ph']m¸t¦s@jp>­s't¬jl]ijlvwj]
'zlpVn4]ii]mim°Beh]mn4jt¦pqs [.´¾]mvq«q]\sijlX']¸ighsnxX'zlpqst²vjt¦pqst¦[^p@i]B~hgjlX']z]m@t¦pqri]msn4pVVt¦s'µts pqzxV]\zjpJ]4jv¹®±r'§¦§¦g
n\pqsn\r'zzl]\s@jq]mzlit¦pqs>pq®
 /£o`}y3°eV]mn¤jltpJs¹'t¦iln4rili]miYzl]\§uvj]´¾pqzl«>vwsi]mn4jt¦pqsT¥n\pqsn\§rV]mim°
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WYX']pJzt¦qt¦svw§q]mzlitpJs>pw®( /£o`}y!n\pqsituV]\zxi/i]m¯@r']msJjlt¦vq§O'zpJqzxvw[i{pJs'§¦gq°M£ i]m¯@r']ms@jtuvw§F'zpJqzxvw[ n\vqs>~F]b[^pVV]m§]>~hgt¬jxi
i]4jpq®-jzxvqn\]miYt¦sjX']®±pJ§§¦p´ts¥ighsJjxv¶sr
S ::= µs.(e1 → S1| . . . |en → Sn)
| s
| Stop
£ i]m¯@r']msJjlt¦vq§Q'zlpqJzlvq[ t¦in\pq[^FpJi]mpw®Mi]¯@r']\sn\]miYpq®
]\¶h]n4rVjltpJsT]\q]ms@jli
e → S
³'~zlvqsnxX']mi
e1 → S1|e2 → S2
³vws
§¦phpqi
µs.(e → S)  °¹£ i]¯@r']\sn\]V]\­s'tjt¦pqsÈ]ms'i~hg|kr'[^'t¦s'¹jlp¸jX']~]mqt¦s's't¦s'¹pq®v¹§phpqÉ¨©tÙ° ]q°¦³Mv¸§uvw~F]\§ s pq®¾jlX']zl]mn\r'zlit¦pqspJ]mzlvwjpJz
µ
ª¾pJz~hg>Xvw§jt¦s'¸¨±t¢° ]q°¦³
Stop
ª4°
pqzt¦sijlvwsn4]q³(§]\j9rin\pqsituV]\z9v¸i]m¯@r']ms@jtuvw§M'zlpqJzlvq[·jXvwj[^ph't¬­]i7­§¦]mi¨©vqi9iF]mn\t¬­]~hg¹jX]>]4¶V]mn\rVjt¦pqs]mq]\s@j
j ª4³-]\tjX]\z´tjX't¦spqz9pqrVjxituV]>pq®¾´¾pqzl«ºi]milit¦pqsi¨ÙV]\§¦t¦[¥tj]~hg h i vws hTi^i ª4°ehrnxXÈvT'zlpqJzlvq[dn\vqsµ~F]
[^pVV]\§¦]mTvJiCr
µs1. (login→ µs2.(write → s2|logout→ s1)
|write→ s1)
 {tjX]\z}jX']mz]t¦ibv>i]milit¦pqsjXvjbn\pqs@jlvqtsi­§¦]9[^pVVt­n\vwjt¦pqsi¨ ­zxikjb§t¦s']»ª¤³FpqzjlX']\zl]vqz]­§][¥pVVt­nmvjt¦pqsipqr'jlit¦V]pw®/v
i]milit¦pqs-°3WYX]mi]}jk´¾p^vjj]mzsinmvws~]7zl]\F]mvwj]vqsTvw§j]\zlsvwj]mvwsTvwzl~'tjzxvwzlg^s@r[9~F]\zpq®-jt¦[^]mim°
 /£o`}yBt¦i¾vi]m¯@r']\s@jlt¦vq§[^pVV]\§®±pqzvJiF]mn4j¡Êpqzlt]ms@j]m^zpJqzxvw[^[^ts'~vJi]^pqs]\¶h]n4rVjltpJs>]\J]\s@jlim°3WYX']~vJi]zpJqzxvw[
]\¶h]n4rVjltpJs]\[^tjli]\q]ms@jlim°
£}iF]mn4jli{[^pJs't¬jlpqz/jX']~vqi]'zlpqqzxvw[]4¶V]mn\rVjt¦pqs>vqs¥jzltJq]mz{vqVhtun4]]\¶h]n4rVjltpJs´X']\s>vqt¦q]\s
i]m¯@r']msn4]pw®3]\J]\s@jliYtuiV]\j]mn4j]%°M /£o`}y#'zlpht¦V]iYv¥iF]mn4tuvw§¦t¦²\]m§uvws'JrvwJ]
A
jlp^']4­s']vJiF]mn4jli$r
A ::= µa.(e1 . S1; A12 . . . 2en . Sn; An)
| a
| Stop
WYX']ikjlzrn4jr'zl]pq®/vws¹vqiF]mn¤j}ts
A
V]4­s]mibi]¯Jr]\sn\]mipq®{]4¶V]mn\rVjt¦pqs¸]mq]\s@jxijp~][^vwjlnxX']%³X]\sn\]n4§¦pJi]\§¦g>®±pJ§§¦p´i
jlX']>ikjlzrn¤jrz]^pw®vTi]¯@r']\s@jtuvw§MzpJqzxvw[·t¦s
S
³Q´t¬jlXz]n4r'zxitpJsQ³Qi]¯@r']\sn\]mi¨©pqF]\zxvjpJz
;
ª4³(nxX'pJt¦n\]mi¨±pJ]mzlvwjpJz
2
ª¤³(vqs
Xvq§¬jlts>¨±pqF]\zxvjlpqz
Stop
ª¤°3£#s']\´ ®±]mvwjr'zl]Yt¦iMjXvwjvws^vqVhtun4]
Si
³@´X't¦nxX^tuiMvwsvwzl~'tjzxvwzlt§¦gn4pJ[^'§]\¶¥i]m¯@r']msJjlt¦vq§V'zlpqqzxvw[T³
tuivqiliphn\t¦vwj]jp^]vqnxX]\q]ms@j
ei
³Vrits'¥jlX']7pqF]\zxvjlpqz
.
°{WYX']t¦s@jr'tjt¦q]7[^]mvqs't¦s'^pw®
ei . Si
t¦iYjlXvjt®
ei
[vwjlnxX']i\³hjlX']\s
jlX']vqVhtun4]
Si
iX'pqr§¦~F]7]mz®±pJz[^]mQ°
£Vhtun4]i
Si
vwzl]9vwzl~'tjzxvwzlt§¦gn\pq[^'§¦]4¶¸i]¯@r']\s@jtuvw§('zlpqqzxvw[iYjlXvjn\vqs¸phnmn4r'zbvjb]\q]mzgTij]\ºpw®MjX]i]m¯@r']\sn4]mim°opqz
t¦sijlvwsn4]q³V§¦]4jrin\pqsituV]\zYv¥~vqnx«hr'vqi]n¤j¾jXvwjn\pq[^[^t¬jY­§¦][^ph't¬­nmvjltpJsi¾tsTv¥q]\zxitpJs'ts9igVij]m[ ~'rVjpqs§g>´tjXts
vi]milit¦pqs-°
WYX'tuivJiF]mn4jnmvws~]']4­s']Tvqi¾®±pq§¦§¦p´iCr
µa1. (login . Stop; µa2. (write . cvs  ci → Stop; a2
2logout . Stop; a1))

t¦zlijm³jX]/vqi]n¤j-´Yvwtjli%®±pqz%jlX']{~F]\qt¦s's't¦s'pq®'vi]iitpJs¨±t¢° ]J°³vws]mq]\s@j hTi ª4°"!#X']\sjlX'tuiQXvq']msim³mjlX']/n\pqzlz]iFpqs'ts'
]m[¥'jkg9vqVhtun4]
Stop
tui
]4¶V]mn\rVj]vqs7jlX']¾vJiF]mn4j
sp´È´¾vqt¬jxiQ®±pJz3]\tjX']mz3vo­§¦][^pVVt­n\vwjt¦pqs¨±t¢° ]J°³qvqs9]mq]\s@j j#$ ªOpqz
jlX']
]msTpw®3jX]9i]iit¦pqs¨±t¢° ]J°³OvwsT]\J]\s@j hTi
i ª¤°%!#X]\s¹v¥­§¦]tui[^ph't¬­]%³'jlX']9n\pqzlz]iFpqs'ts'vJVht¦n\]q³
cvs  ci → Stop ³J]\zxit¦pqsiojX]­§]J³%jX']msµjX']vqiF]mn¤j´Yvwtjli}®±pqzbjX]s']4¶hj7[^ph't¬­nmvjltpJsºpqzbjlX']^]\s.pw®jX']i]milit¦pqsQ°&!#X']\s.jX']i]milit¦pqs
]ms'im³VjX']vJiF]mn4j´¾vqt¬jxi¾®±pqzYjX]7s']4¶hjpqs]q°
WYX'tui
vqi]n¤j(J]\zxit¦pqsi%[^ph't¬­nmvjltpJsi%jlXvj3pqs'§¦gbphnmn4r'z3Vr'zlt¦s'ovoi]militpJsQ°-'pJz-t¦sijlvwsn4]q³§¦]4j
ri
n4pqsituV]\z-jX']/®±pq§¦§p´t¦s'
]\¶h]n4rVjltpJsjzxvqn4]bpw®Mv¥~vqi]'zlpqqzxvw[ r
login→ write→ write→ logout→ write→ Stop
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 We®±pqzYjX]E{¾vJi]by{zlpqJzlvq[ 
WYX']jXtzxÈ[^pVVt­n\vwjt¦pqs ¨©tÙ° ]q°¦³ j$ ]\J]\s@jxªVph]mi¥s'pqj¥pVnmn4r'z¥~]\jk´]m]\s!v hTi# vws v hTi^i ³Mip.t¬j´t¦§§Ys'pqj¥~F]
zl]\Jt¦ij]mz]ot¦sjX']/q]\zxitpJs'ts¾igVikjl]\[T°@!#X']msbjX'tui%jlX'tzx[^pVVt¬­Fn\vjltpJsXvw'F]\si\³mjX']vqi]n¤jQtui%´¾vqt¬jltsY®±pqz%jlX']M~]mqt¦s's't¦s'
pq®3v¥s']m´¿i]milit¦pqsµ¨±t¢° ]J°³ h i ª¤°
{Yvqitun\vw§¦§¦gq³/ £o`}y t¦i>i]m¯@r']ms@jtuvw§¢°É¼Êj'zlpht¦V]i^vn4pqzlpqr'jt¦s'tsµ[^]nxXvws'tui[ ~F]4jk´¾]\]\s!jlX']¸]4¶V]mn\rVjt¦pqsÀpq®}jlX']¹~vJi]
'zlpqJzlvq[ vwsjX']Y]4¶V]n4rVjltpJspq®'jX']vJiF]mn4jlim°-¼ÊjliMi]\[vqsJjlt¦nmi
Xvqi
~F]\]\s^V]\­s']mt¦s2U [Y'~vJi]pqs^vbi[vw§¦§Vikjl]\¥pqF]\zxvjltpJsvw§
i]\[vws@jlt¦nmipw®YjlX']>~vJi]>zpJqzxvw[dvqsv¹i]m¯@r']\s@jigVikjl]\[ tspJzl']\z7jlp¹§]\j9jlX']>[^pqs'tjpJz9t¦s@j]\zl§¦]mv»q]vJVht¦n\]>]4¶V]mn\rVjt¦pqs
´X']msv¸i]¯Jr]\sn\]¥pq®Yi[vw§¦§{ikjl]\it¦i7[vwjlnxX']%°>WYX'tui7'zl]\htpJri´¾pqzl«T®±phn\ri]mi7pJsµvJiF]mn4jli7t¦s@j]\zxvqn4jt¦pqsµV]4jl]mn¤jltpJsvws
zl]mipq§¦rVjt¦pqs r(´X']msjk´¾p9vqi]n¤jxi/[vjxnxXjX]}ilvw[^]}i]m¯@r']msn4]J³qjk´¾p9vq'@tun4]i/[rij~F]ot¦sJjl]\zl§]v»q]^´t¬jlXjX']b~vJi]zpJqzxvw[
vwjojX]9q]mzgivq[^]]4¶V]mn\rVjt¦pqs¸Fpqt¦s@jm°¼½s¹jX'tui}nmvqi]q³jX']¥i]¯Jr]\s@jtuvw§
n4pq[^FpJit¬jltpJs¸pw®3jX]vq'@tun4]ituiospqsV¡½V]4jl]\zl[^ts'tuijtunw³
´X'tunxXTz]¯@r'tzl]miir''Fpqzj®±pqz]\¶V'§tun4tjon4pJ[^p@itjt¦pqs~]mgqpJspqzxV]\zlts° !.]9s'p´É®±pVn4ripqs¸n4pJsn4rzzl]\sn\g>vwsTiX'p´ Xp´
i]m¯@r']msJjlt¦vq§O /£o`}y nmvws~F]]\sn\pVV]mtsvn\pqsn\r'zzl]\s@j¾´pJz§u%°3WYX't¦i¾v»J]mi/jX']b´Yv»gjlp¥ijrVghts'^n4pJsn4rzzl]\s@jJ]\zxit¦pqsi{pw®
 /£o`}yÀ~hgzl]\§¦]mvJit¦s'^ipJ[^]ighsnxX'zlpqs't¦²mvwjt¦pqsQ°
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tzxikj´¾]¥[^pVV]m§3jX']^~vJi]
'zlpqJzlvq[T°3£ ~vqi]'zpJqzxvw[ i]n4t­n\vwjt¦pqsTt¦s
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T1 :: S → S
T1[[µs.(e1 → S1| . . . |en → Sn)]] =
µs.(e1 → rete1 → T1[[S1]]| . . . |en → reten → T1[[Sn]])
T1[[s]] = s
T1[[Stop]] = Stop
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α :: A → 2Evt
α(µa.(e1 . S1; A12 . . .2en . Sn; An))
=
⋃n
i=1
{ei} ∪ α(Ai)
α(a) = ∅
α(Stop) = ∅
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T2 :: A → 2α → S
T2[[µa.(e1 . S1; A12 . . . 2en . Sn; An)]] αA
= µa. (e1 → S1[rete1 → T2[[A1]] αA/Stop]
| . . .
|en → Sn[reten → T2[[An]] αA/Stop]
|e → rete → a)
∀e in αA − {e1, . . . , en}
T2[[a]] αA = a
T2[[Stop]] αA = Stop
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µa1. (login → retlogin→
µa2. (write→ cvs  ci → retwrite→ a2
|logout→ retlogout→ a1
|login→ retlogin→ a2)
|write→ retwrite→ a1
|logout→ retlogout→ a1)
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T1 :: B → B
T1[[S1|| . . . ||Sn]] = T1[[S1]]|| . . . ||T1[[Sn]]
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